Objectives-To compare the diagnostic accuracy for the low-type imperforate anus between prone cross-table radiography and sonography.
n appropriate surgical approach to treating an imperforate anus is based on classification of this defect into low, intermediate, and high types. [1] [2] [3] To treat the low-type imperforate anus, 1-step transperineal anoplasty is performed immediately after birth. In contrast, a diverting colostomy followed by posterior sagittal anorectoplasty is performed for an intermediate-or high-type imperforate anus. [2] [3] [4] [5] Prone cross-table radiography is currently the most widely used imaging method for classifying an imperforate anus. 4, 6, 7 Prone cross-table radiography is indicated in cases with no visible fistula, normal buttocks, a normal spine, a normal sacrum, and negative urinalysis results for meconium. 4 Prone cross-table radiography should be performed 20 to 24 hours after the initial examination to allow time for intraluminal pressure in the rectal pouch to increase. 4, 7 Previous studies have shown that sonography is useful for classifying the imperforate anus type both by establishing the distance between the distal rectal pouch and the perineum (pouch-perineum distance) and by establishing the location of the fistula. [8] [9] [10] [11] [12] [13] [14] [15] However, to the best of our knowledge, there have been no reports comparing the accuracy of diagnosing the imperforate anus type by using prone cross-table radiography versus sonography. The purpose of this study was to compare the diagnostic accuracy for the low-type imperforate anus between prone cross-table radiography and sonography.
Materials and Methods

Patients
This retrospective study was approved by the Ethics Committee of our institution, and the requirement for informed consent was waived. We reviewed medical records at our hospital from September 2000 to June 2016 and identified 27 neonates with a suspected imperforate anus who underwent both prone cross-table radiography and sonography. Prone cross-table radiography was performed on the day after birth for all neonates, whereas sonography was performed either on the day of birth or on the day after birth. We excluded the neonates who had a visible fistula by inspection (4 cases) or a cloacal malformation (3 cases). Thus, this study finally included 20 patients. Thirteen of the 20 neonates had a radiographically and surgically confirmed low-type imperforate anus, and 7 had a confirmed high (n 5 3) or intermediate (n 5 4) type, according to the International Classification of Anorectal Anomalies. 1, 6 Prone Cross- Table Radiography Prone cross-table radiography was performed by using either a RADNEXT 80 system (Hitachi Medical Systems Co, Ltd, Tokyo, Japan) or a KXO-80SS system (Toshiba Medical Systems Co, Ltd, Tokyo, Japan). The neonates were held face down with their hips flexed and were kept in this genupectoral position for 3 minutes to obtain the prone lateral radiographs, which were centered over the greater trochanters as in an invertogram. 7, 16 Exposure conditions were as follows: tube voltage, 65 kV; tube current, 320 mA; source-to-image distance, 130 cm; and filter, 2.5 mm Al.
Sonography
All sonograms were obtained by using a real-time scanner with a high-resolution 9-15-MHz linear transducer (LOGIQ 7, E9, and S8; GE Healthcare, Waukesha, WI) via longitudinal scanning by a suprapubic approach, as previously described by Donaldson et al 14 and Hosokawa et al. 15 The neonates were examined in the supine position without specific preparation, and a marker indenting the anal dimple helped identify the skin level. Grayscale images were obtained by 1 of 4 board-certified diagnostic radiologists (10, 15, 15 , and 25 years of experience).
Review Process
Two radiologists with 15 and 10 years of clinical experience retrospectively reviewed by consensus both prone cross-table radiographs and sonograms on a 1600 3 1200 picture archiving and communication systems monitor (GE Healthcare). During the review process, the radiologists were unaware of surgical, physical, or other imaging findings.
Classification of the Type of Imperforate Anus
The pouch-perineum distance measured by prone crosstable radiography was defined as the distance between the most caudal level of gas and the overlying skin. 4 On sonography, the pouch-perineum distance was measured after identifying the distal rectal pouch. Care was taken not to press or indent the skin or to diminish the pouchperineum distance. 9, 10, 14 The diagnostic performance of the pouch-perineum distance on the day after birth is reported to be superior than that on the day of birth. 15 Therefore, if the neonate had been examined by sonography both on the day of birth and on the day after birth, the pouch-perineum distance on the day after birth was used.
We used 10 mm as the cutoff for pouch-perineum distance to classify the low-type imperforate anus, according to previous reports by van der Steeg et al, greater than 10 mm were diagnosed as intermediate-or high-type imperforate anus ( Figure 2 ).
On sonography, a fistula was defined as a hypoechoic linear tract. Along with the pouch-perineum distance, the fistula location was also used to classify the type. 1, 6 If the distal side of the fistula was skin, perinea, or the vestibulum, the type of imperforate anus was diagnosed as low, as previously described. 1, 6, 8, 12 If the distal side of the fistula was the urethra, vagina, or bladder, the type was diagnosed as intermediate or high, as previously described. 1, 6, 8, 12 Reference Standards for the Fistula and Type of Imperforate Anus Reference standards for classification of the type of imperforate anus and location of the fistula were confirmed on the basis of radiographic, physical, and surgical findings according to the International Classification of Anorectal Anomalies. 1, 6 Statistical Analysis Variables are expressed as mean 6 standard deviation. We evaluated the diagnostic accuracy, sensitivity, and specificity of the low-type imperforate anus by using a cutoff pouch-perineum distance of 10 mm on prone cross-table radiography and sonography as well as by using both the pouch-perineum distance and fistula location on sonography. The McNemar test was used to compare diagnostic accuracy between the methods. A Bland-Altman analysis 17 was performed to evaluate the interchangeability of the pouch-perineum distance between prone cross-table radiography and sonography. All data were analyzed with commercially available software (JMP, version 12; SAS Institute Inc, Cary, NC).
Results
Patients
The 20 patients included 11 male neonates and 9 female neonates. The mean weight on the day of birth was Images from a female neonate with a low-type imperforate anus without a fistula. a, Prone cross-table radiograph from a 1-day-old female neonate that led to a correct diagnosis of a low-type imperforate anus. The pouch-perineum distance measured less than 10 mm. b, Schematic presentation a. The black line shows rectal gas terminating well below the skin marker, which is shown to be located at the overlying anal fossa. c, Sonogram from the same neonate via a suprapubic approach that also led to a correct diagnosis. The pouch-perineum distance measured less than 10 mm. d, Schematic presentation of c.The asterisk shows the anal fossa.The white line terminates near the anal fossa.
2794 6 349 g (range, 2230-3354 g), and the mean gestational age was 38 weeks 3 days 6 1 week 2 days (range, 36 weeks 1 day-41 weeks 0 days).The patient characteristics are summarized in Table 1 .
Diagnostic Performance of Prone Cross- Table  Radiography and Sonography The results of the diagnostic performance for the lowtype of imperforate anus are summarized in Table 2 . With the use of only the pouch-perineum distance, the diagnostic accuracy of sonography for the low-type imperforate anus was comparable with that of prone cross-table radiography (P 5 .625). Examples of patient images for correctly diagnosed low-and intermediatetype imperforate anuses are shown in Figures 1 and 2 , respectively. With the use of both the pouch-perineum distance and fistula location, the diagnostic accuracy of sonography was significantly greater than that of prone cross-table radiography (P 5 .012). Figure 3 shows an example of a case that was misdiagnosed by prone crosstable radiography but was correctly diagnosed by sonography. The mean difference in the pouch-perineum distance between prone cross-table radiography and sonography was 16.4 6 15.0 mm (95% confidence interval, 9.4-23.4 mm; limits of agreement, 213.0 and 45.8 mm; Figure 4 ).
Discussion
We found that prone cross-table radiography and sonography had almost the same diagnostic accuracy for the low-type imperforate anus when considering only the pouch-perineum distance. However, the diagnostic accuracy of sonography was greater with the use of both the pouch-perineum distance and fistula location compared with only the pouch-perineum distance measured by prone cross-table radiography. Therefore, if the pouch-perineum distance on prone cross-table radiography is determined to be greater than 10 mm, the fistula location on sonography would improve the diagnostic accuracy for the type of imperforate anus and thus reduce the number of incorrect surgical procedures caused by a misdiagnosed type of imperforate anus.
Before prone cross-table radiography emerged, the invertogram was used to evaluate the location of the distal rectal pouch. 16 In 1983, Narasimharao et al 7 reported that prone cross-table radiography was more useful for this evaluation. Prone cross-table radiography is now the established method of examination for classification of an imperforate anus. 4, 5, 7 Although it requires radiation exposure, prone cross-table radiography is easily performed in almost all institutions. However, in our study, 11 cases of a low-type imperforate anus were not correctly diagnosed by prone cross-table radiography. Of these 11 cases, 6 were correctly diagnosed by both the pouch-perineum distance and fistula location determined by sonography. Prone cross-table radiography detects rectal gas; therefore, it does not directly visualize the distal rectal pouch or fistula. Therefore, this method is not able to distinguish meconium in the distal rectal pouch from other organs or from other pelvic soft tissues. Thus, the pouch-perineum distance evaluated by prone cross-table radiography may appear longer than the true distance, resulting in misclassification of a low imperforate anus as an intermediate or high type in some cases.
We report a 40% false-negative rate for the diagnosis of a low-type imperforate anus when using only the pouch-perineum distance on sonography. It has been reported that meconium is produced after birth in neonates with an imperforate anus as well as in healthy neonates. 15 Therefore, the possibility exists that we could not accurately determine the rectal mucosal position as the base of the pouch because of a collapse of the rectal mucosa on the day of birth. Actually, the diagnostic performance for the type of imperforate anus according to the pouch-perineum distance has been reported to be worse on the day of birth day than on the day after birth. 15 Sonographic examinations performed both on the day of birth and the day after birth were included in our study, which might have accounted for the high false-negative rate of sonography. Donaldson et al 14 reported that patients with a pouch-perineum distance of 10 to 15 mm may have either a low-or intermediatetype imperforate anus. Therefore, diligent searches for a fistula by sonography in patients with a pouch-perineum these structures. Additionally, 1 case in our study was incorrectly diagnosed as the low type by sonography because the pouch-perineum distance was less than 10 mm. No fistula was seen in this case. That finding may have resulted from an incorrect technique, since if pressure had been applied to the transducer during the examination, it may have caused an indentation in the distal rectal pouch, thus decreasing the pouch-perineum measurement.
Our study had several limitations. First, our sample size was only 20 patients. Additional studies in larger populations would be required to confirm our preliminary findings. Second, all sonographic examinations were not performed on the day after birth. As previously reported, sonography is more accurate when performed on the day after birth. A further study to compare the accuracy between prone cross-table radiography and sonography using images obtained on the same day would be desirable. Third, although all images were obtained by experienced radiologists using previously established methods, individual techniques may have varied and may have affected the measurements.
In conclusion, prone cross-table radiography and sonography have similar diagnostic accuracy for the lowtype imperforate anus when the pouch-perineum distance is used. However, the diagnostic accuracy of sonography using both the pouch-perineum distance and fistula location is greater than the diagnostic accuracy of prone cross-table radiography using the pouch-perineum distance alone. Therefore, if the pouch-perineum distance on prone cross-table radiography is greater than 10 mm, an additional evaluation by sonography could be considered to evaluate the location of a fistula. Locating a fistula with its distal end at the perineum would confirm a low-type imperforate anus and thus may prevent an incorrect surgical approach for repair. 
